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(57) ABSTRACT 

An “object extractor” automatically identi?es and segments 
repeating media objects in a media stream. “Objects” are any 
section of non-negligible duration, i.e., a song, video, 
advertisement, jingle, etc., Which Would be considered to be 
a logical unit by a human listener or vieWer. Identi?cation 
and segmentation of repeating objects is achieved by 
directly comparing sections of the media stream to identify 
matching portions of the stream, then aligning the matching 
portions to identify object endpoints. Alternately, a suite of 
object dependent algorithms is employed to target particular 
aspects of the stream for identifying possible objects Within 
the stream. Con?rmation of possible objects as repeating 
objects is achieved by automatically searching for poten 
tially matching objects in a dynamic object database, fol 
loWed by a detailed comparison to one or more of the 
potentially matching objects. Object endpoints are then 
determined by automatic alignment and comparison to other 
copies of that object. 
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SYSTEM AND METHOD FOR IDENTIFYING 
AND SEGMENTING REPEATING MEDIA 
OBJECTS EMBEDDED IN A STREAM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional application of US. patent 
application Ser. No. 10/187,774, ?led on Jul. 1, 2002, by 
Corrnac Herley and entitled “A SYSTEM AND METHOD 
FOR IDENTIFYING AND SEGMENTING REPEATING 
MEDIA OBJECTS EMBEDDED IN A STREAM”. 

BACKGROUND 

1. Technical Field 

The invention is related to media stream identi?cation and 
segmentation, and in particular, to a system and method for 
identifying and extracting repeating audio and/or video 
objects from one or more streams of media such as, for 
example, a media strearn broadcast by a radio or television 
station. 

2. Related Art 

There are many existing schemes for identifying audio 
and/or video objects such as particular advertisernents, sta 
tion jingles, or songs embedded in an audio stream, or 
advertisements or other videos embedded in a video stream. 
For example, With respect to audio identi?cation, many such 
schemes are referred to as “audio ?ngerprinting” schernes. 
Typically, audio ?ngerprinting schernes take a knoWn object, 
and reduce that object to a set of parameters, such as, for 
example, frequency content, energy level, etc. These param 
eters are then stored in a database of knoWn objects. 
Sarnpled portions of the streaming media are then compared 
to the ?ngerprints in the database for identi?cation purposes. 

Thus, in general, such schemes typically rely on a corn 
parison of the media stream to a large database of previously 
identi?ed media objects. In operation, such schemes often 
sample the media strearn over a desired period using some 
sort of sliding WindoW arrangement, and compare the 
sampled data to the database in order to identify potential 
rnatches. In this manner, individual objects in the media 
stream can be identi?ed. This identi?cation information is 
typically used for any of a number of purposes, including 
segmentation of the media stream into discrete objects, or 
generation of play lists or the like for cataloging the media 
strearn. 

HoWever, as noted above, such schemes require the use of 
a preexisting database of pre-identi?ed media objects for 
operation. Without such a preexisting database, 
identi?cation, and/or segmentation of the media stream are 
not possible When using the aforementioned conventional 
schernes. 

Therefore, What is needed is a system and method for 
ef?ciently identifying and extracting or segrnenting repeat 
ing media objects from a media strearn such as a broadcast 
radio or television signal Without the need to use a preex 
isting database of pre-identi?ed media objects. 

SUMMARY 

An “object extractor” as described herein autornatically 
identi?es and segments repeating objects in a media strearn 
comprised of repeating and non-repeating objects. An 
“object” is de?ned to be any section of non-negligible 
duration that Would be considered to be a logical unit, When 
identi?ed as such by a human listener or vieWer. For 
example, a human listener can listen to a radio station, or 
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2 
listen to or Watch a television station or other media broad 
cast stream and easily distinguish betWeen non-repeating 
programs, and advertisements, jingles, and other frequently 
repeated objects. HoWever, autornatically distinguishing the 
same, e.g., repeating, content automatically in a media 
stream is generally a difficult problem. 

For example, an audio stream derived from a typical pop 
radio station Will contain, over time, many repetitions of the 
same objects, including, for example, songs, jingles, 
advertisements, and station identi?ers. Similarly, an audio/ 
video rnedia strearn derived from a typical television station 
Will contain, over time, many repetitions of the same objects, 
including, for example, cornrnercials, advertisernents, sta 
tion identi?ers, prograrn “signature tunes”, or emergency 
broadcast signals. HoWever, these objects Will typically 
occur at unpredictable times within the media stream, and 
are frequently corrupted by noise caused by any acquisition 
process used to capture or record the media strearn. 

Further, objects in a typical rnedia strearn, such as a radio 
broadcast, are often corrupted by voice-overs at the begin 
ning and/or end point of each object. Further, such objects 
are frequently foreshortened, i.e., they are not played corn 
pletely from the beginning or all the Way to the end. 
Additionally, such objects are often intentionally distorted. 
For example, audio broadcast via a radio station is often 
processed using cornpressors, equaliZers, or any of a number 
of other tirne/frequency effects. Further, audio objects, such 
as music or a song, broadcast on a typical radio station are 
often cross-faded With the preceding and following music or 
songs, thereby obscuring the audio object start and end 
points, and adding distortion or noise to the object. Such 
manipulation of the media stream is Well knoWn to those 
skilled in the art. Finally, it should be noted that any or all 
of such corruptions or distortions can occur either individu 
ally or in combination, and are generally referred to as 
“noise” in this description, except Where they are explicitly 
referred to individually. Consequently, identi?cation of such 
objects and locating the endpoints for such objects in such 
a noisy environment is a challenging problem. 
The object extractor described herein successfully 

addresses these and other issues While providing many 
advantages. For example, in addition to providing a useful 
technique for gathering statistical information regarding 
media objects Within a media strearn, autornatic identi?ca 
tion and segmentation of the media strearn alloWs a user to 
automatically access desired content Within the stream, or, 
conversely, to automatically bypass unWanted content in the 
media strearn. Further advantages include the ability to 
identify and store only desirable content from a media 
stream; the ability to identify targeted content for special 
processing; the ability to de-noise, or clear up any rnultiply 
detected objects, and the ability to archive the stream rnore 
ef?ciently by storing only a single copy of rnultiply detected 
objects. 
As noted above, a system and method for automatically 

identifying and segrnenting repeating media objects in a 
media strearn identi?es such objects by examining the 
stream to determine Whether previously encountered objects 
have occurred. For example, in the audio case this would 
mean identifying songs as being objects that have appeared 
in the stream before. Similarly in the case of video derived 
from a television stream it can involve identifying speci?c 
advertisernents, as Well as station “jingles” and other fre 
quently repeated objects. Further, such objects often convey 
irnportant synchronization information about the stream. For 
example the theme music of a neWs station conveys time and 
the fact that the neWs report is about to begin or has just 
ended. 
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For example, given an audio stream Which contains 
objects that repeat and objects that do not repeat, the system 
and method described herein automatically identi?es and 
segments repeating media objects in the media stream, While 
identifying object endpoints by a comparison of matching 
portions of the media stream or matching repeating objects. 
Using broadcast audio, i.e. radio, as an example, “objects” 
that repeat may include, for example, songs on a radio music 
station, call signals, jingles, and advertisements. 

Examples of objects that do not repeat may include, for 
example, live chat from disk jockeys, neWs and traf?c 
bulletins, and programs or songs that are played only once. 
These different types of objects have different characteristics 
that for alloW identi?cation and segmentation from the 
media stream. For example radio advertisements on a popu 
lar radio station are generally less than 30 seconds in length, 
and consist of a jingle accompanied by voice. Station jingles 
are generally 2 to 10 seconds in length and are mostly music 
and voice and repeat very often throughout the day. Songs 
on a “popular” music station, as opposed to classical, jaZZ or 
alternative, for example, are generally 2 to 7 minutes in 
length and most often contain voice as Well as music. 

In general, automatic identi?cation and segmentation of 
repeating media objects is achieved by comparing portions 
of the media stream to locate regions or portions Within the 
media stream Where media content is being repeated. In a 
tested embodiment, identi?cation and segmentation of 
repeating objects is achieved by directly comparing sections 
of the media stream to identify matching portions of the 
stream, then aligning the matching portions to identify 
object endpoints. In a related embodiment segments are ?rst 
tested to estimate Whether there is a probability that an 
object of the type being sought is present in the segment. If 
so, comparison With other segments of the media stream 
proceeds; but if not further processing of the segment in 
question can be neglected in the interests of improving 
ef?ciency. 

In another embodiment, automatic identi?cation and seg 
mentation of repeating media objects is achieved by employ 
ing a suite of object dependent algorithms to target different 
aspects of audio and/or video media for identifying possible 
objects. Once a possible object is identi?ed Within the 
stream, con?rmation of an object as a repeating object is 
achieved by an automatic search for potentially matching 
objects in an automatically instantiated dynamic object 
database, folloWed by a detailed comparison betWeen the 
possible object and one or more of the potentially matching 
objects. Object endpoints are then automatically determined 
by automatic alignment and comparison to other repeating 
copies of that object. 

Speci?cally, identifying repeat instances of an object 
includes ?rst instantiating or initialiZing an empty “object 
database” for storing information such as, for example, 
pointers to media object positions Within the media stream, 
parametric information for characteriZing those media 
objects, metadata for describing such objects, object end 
point information, or copies of the objects themselves. Note 
that any or all of this information can be maintained in either 
a single object database, or in any number of databases or 
computer ?les. The next step involves capturing and storing 
at least one media stream over a desired period of time. The 
desired period of time can be anyWhere from minutes to 
hours, or from days to Weeks or longer. HoWever, the basic 
requirement is that the sample period should be long enough 
for objects to begin repeating Within the stream. Repetition 
of objects alloWs the endpoints of the objects to be identi?ed 
When the objects are located Within the stream. 
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4 
As noted above, in one embodiment, automatic identi? 

cation and segmentation of repeating media objects is 
achieved by comparing portions of the media stream to 
locate regions or portions Within the media stream Where 
media content is being repeated. Speci?cally, in this 
embodiment, a portion or WindoW of the media stream is 
selected from the media stream. The length of the WindoW 
can be any desired length, but typically should not be so 
short as to provide little or no useful information, or so long 
that it potentially encompasses too many media objects. In 
a tested embodiment, WindoWs or segments on the order of 
about tWo to ?ve times the length of the average object of the 
sought class or so Was found to produce good results. This 
portion or WindoW can be selected from either end of the 
media stream, or can even be randomly selected from the 
media stream. 

Next, the selected portion of the media stream is directly 
compared against similar siZed portions of the media stream 
in an attempt to locate a matching section of the media 
stream. These comparisons continue until either the entire 
media stream has been searched to locate a match, or until 
a match is actually located, Whichever comes ?rst. As With 
the selection of the portion for comparison to the media 
stream, the portions Which are compared to the selected 
segment or WindoW can be taken sequentially beginning at 
either end of the media stream, or can even be randomly 
taken from the media stream. 

In this tested embodiment, once a match is identi?ed by 
the direct comparison of portions of the media stream, 
identi?cation and segmentation of repeating objects is then 
achieved by aligning the matching portions to locate object 
endpoints. Note that because each object includes noise, and 
may be shortened or cropped, either at the beginning or the 
end, as noted above, the object endpoints are not alWays 
clearly demarcated. HoWever, even in such a noisy 
environment, approximate endpoints are located by aligning 
the matching portions using any of a number of conventional 
techniques, such as simple pattern matching, aligning cross 
correlation peaks betWeen the matching portions, or any 
other conventional technique for aligning matching signals. 
Once aligned, the endpoints are identi?ed by tracing back 
Wards and forWards in the media stream, past the boundaries 
of the matching portions, to locate those points Where the 
tWo portions of the media stream diverge. Because repeating 
media objects are not typically played in exactly the same 
order every time they are broadcast, this technique for 
locating endpoints in the media stream has been observed to 
satisfactorily locate the start and endpoints of media objects 
in the media stream. 

Alternately, as noted above, in one embodiment, a suite of 
algorithms is used to target different aspects of audio and/or 
video media for computing parametric information useful 
for identifying objects in the media stream. This parametric 
information includes parameters that are useful for identi 
fying particular objects, and thus, the type of parametric 
information computed is dependent upon the class of object 
being sought. Note that any of a number of Well-knoWn 
conventional frequency, time, image, or energy-based tech 
niques for comparing the similarity of media objects can be 
used to identify potential object matches, depending upon 
the type of media stream being analyZed. For example, With 
respect to music or songs in an audio stream, these algo 
rithms include, for example, calculating easily computed 
parameters in the media stream such as beats per minute in 
a short WindoW, stereo information, energy ratio per channel 
over short intervals, and frequency content of particular 
frequency bands; comparing larger segments of media for 
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substantial similarities in their spectrum; storing samples of 
possible candidate objects; and learning to identify any 
repeated objects. 

In this embodiment, once the media stream has been 
acquired, the stored media stream is examined to determine 
a probability that an object of a sought class, i.e., song, 
jingle, video, advertisement, etc., is present at a portion of 
the stream being examined. Once the probability that a 
sought object exists reaches a predetermined threshold, the 
position of that probable object Within the stream is auto 
matically noted Within the aforementioned database. Note 
that this detection or similarity threshold can be increased or 
decreased as desired in order to adjust the sensitivity of 
object detection Within the stream. 

Given this embodiment, once a probable object has been 
identi?ed in the stream, parametric information for charac 
teriZing the probable object is computed and used in a 
database query or search to identify potential object matches 
With previously identi?ed probable objects. The purpose of 
the database query is simply to determine Whether tWo 
portions of a stream are approximately the same. In other 
Words, Whether the objects located at tWo different time 
positions Within the stream are approximately the same. 
Further, because the database is initially empty, the likeli 
hood of identifying potential matches naturally increases 
over time as more potential objects are identi?ed and added 
to the database. 

Once the potential matches to the probable object have 
been returned, a more detailed comparison betWeen the 
probable object and one or more of the potential matches is 
performed in order to more positively identify the probable 
object. At this point, if the probable object is found to be a 
repeat of one of the potential matches, it is identi?ed as a 
repeat object, and its position Within the stream is saved to 
the database. Conversely, if the detailed comparison shoWs 
that the probable object is not a repeat of one of the potential 
matches, it is identi?ed as a neW object in the database, and 
its position Within the stream and parametric information is 
saved to the database as noted above. 

Further, as With the previously discussed embodiment, the 
endpoints of the various instances of a repeating object are 
automatically determined. For example if there are N 
instances of a particular object, not all of them may be of 
precisely the same length. Consequently, a determination of 
the endpoints involves aligning the various instances relative 
to one instance and then tracing backWards and forWards in 
each of the aligned objects to determine the furthest extent 
at Which each of the instances is still approximately equal to 
the other instances. 

It should be noted that the methods for determining the 
probability that an object of a sought class is present at a 
portion of the stream being examined, and for testing 
Whether tWo portions of the stream are approximately the 
same both depend heavily on the type of object being sought 
(e.g., music, speech, advertisements, jingles, station 
identi?cations, videos, etc.) While the database and the 
determination of endpoint locations Within the stream are 
very similar regardless of What kind of object is being 
sought. 

In still further modi?cations of each of the aforemen 
tioned embodiments, the speed of media object identi?ca 
tion in a media stream is dramatically increased by restrict 
ing searches of previously identi?ed portions of the media 
stream, or by ?rst querying a database of previously iden 
ti?ed media objects prior to searching the media stream. 

Further, in a related embodiment, the media stream is 
analyZed by ?rst analyZing a portion of the stream large 
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6 
enough to contain repetition of at least the most common 
repeating objects in the stream. Adatabase of the objects that 
repeat on this ?rst portion of the stream is maintained. The 
remainder portion of the stream is then analyZed by ?rst 
determining if segments match any object in the database, 
and then subsequently checking against the rest of the 
stream. 

In addition to the just described bene?ts, other advantages 
of the system and method for automatically identifying and 
segmenting repeating media objects in a media stream Will 
become apparent from the detailed description Which fol 
loWs hereinafter When taken in conjunction With the accom 
panying draWing ?gures. 

DESCRIPTION OF THE DRAWINGS 

The speci?c features, aspects, and advantages of the 
media object extractor Will become better understood With 
regard to the folloWing description, appended claims, and 
accompanying draWings Where: 

FIG. 1 is a general system diagram depicting a general 
purpose computing device constituting an exemplary system 
for automatically identifying and segmenting repeating 
media objects in a media stream. 

FIG. 2 illustrates an exemplary architectural diagram 
shoWing exemplary program modules for automatically 
identifying and segmenting repeating media objects in a 
media stream. 

FIG. 3A illustrates an exemplary system How diagram for 
automatically identifying and segmenting repeating media 
objects in a media stream. 

FIG. 3B illustrates an alternate embodiment of the exem 
plary system How diagram of FIG. 3A for automatically 
identifying and segmenting repeating media objects in a 
media stream. 

FIG. 3C illustrates an alternate embodiment of the exem 
plary system How diagram of FIG. 3A for automatically 
identifying and segmenting repeating media objects in a 
media stream. 

FIG. 4 illustrates an alternate exemplary system How 
diagram for automatically identifying and segmenting 
repeating media objects in a media stream. 

FIG. 5 illustrates an alternate exemplary system How 
diagram for automatically identifying and segmenting 
repeating media objects in a media stream. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In the folloWing description of the preferred embodiments 
of the present invention, reference is made to the accompa 
nying draWings, Which form a part hereof, and in Which is 
shoWn by Way of illustration speci?c embodiments in Which 
the invention may be practiced. It is understood that other 
embodiments may be utiliZed and structural changes may be 
made Without departing from the scope of the present 
invention. 
1.0 Exemplary Operating Environment: 

FIG. 1 illustrates an example of a suitable computing 
system environment 100 on Which the invention may be 
implemented. The computing system environment 100 is 
only one example of a suitable computing environment and 
is not intended to suggest any limitation as to the scope of 
use or functionality of the invention. Neither should the 
computing environment 100 be interpreted as having any 
dependency or requirement relating to any one or combina 
tion of components illustrated in the exemplary operating 
environment 100. 
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The invention is operational With numerous other general 
purpose or special purpose computing system environments 
or con?gurations. Examples of Well knoWn computing 
systems, environments, and/or con?gurations that may be 
suitable for use With the invention include, but are not 
limited to, personal computers, server computers, hand-held, 
laptop or mobile computer or communications devices such 
as cell phones and PDA’s, multiprocessor systems, 
microprocessor-based systems, set top boxes, programmable 
consumer electronics, netWork PCs, minicomputers, main 
frame computers, distributed computing environments that 
include any of the above systems or devices, and the like. 

The invention may be described in the general context of 
computer-executable instructions, such as program modules, 
being executed by a computer. Generally, program modules 
include routines, programs, objects, components, data 
structures, etc., that perform particular tasks or implement 
particular abstract data types. The invention may also be 
practiced in distributed computing environments Where 
tasks are performed by remote processing devices that are 
linked through a communications netWork. In a distributed 
computing environment, program modules may be located 
in both local and remote computer storage media including 
memory storage devices. With reference to FIG. 1, an 
exemplary system for implementing the invention includes 
a general-purpose computing device in the form of a com 
puter 110. 

Components of computer 110 may include, but are not 
limited to, a processing unit 120, a system memory 130, and 
a system bus 121 that couples various system components 
including the system memory to the processing unit 120. 
The system bus 121 may be any of several types of bus 
structures including a memory bus or memory controller, a 
peripheral bus, and a local bus using any of a variety of bus 
architectures. By Way of example, and not limitation, such 
architectures include Industry Standard Architecture (ISA) 
bus, Micro Channel Architecture (MCA) bus, Enhanced ISA 
(EISA) bus, Video Electronics Standards Association 
(VESA) local bus, and Peripheral Component Interconnect 
(PCI) bus also knoWn as MeZZanine bus. 

Computer 110 typically includes a variety of computer 
readable media. Computer readable media can be any avail 
able media that can be accessed by computer 110 and 
includes both volatile and nonvolatile media, removable and 
non-removable media. By Way of example, and not 
limitation, computer readable media may comprise com 
puter storage media and communication media. Computer 
storage media includes volatile and nonvolatile removable 
and non-removable media implemented in any method or 
technology for storage of information such as computer 
readable instructions, data structures, program modules or 
other data. Computer storage media includes, but is not 
limited to, RAM, ROM, EEPROM, ?ash memory or other 
memory technology, CD-ROM, digital versatile disks 
(DVD) or other optical disk storage, magnetic cassettes, 
magnetic tape, magnetic disk storage or other magnetic 
storage devices, or any other medium Which can be used to 
store the desired information and Which can be accessed by 
computer 110. Communication media typically embodies 
computer readable instructions, data structures, program 
modules or other data in a modulated data signal such as a 
carrier Wave or other transport mechanism and includes any 
information delivery media. The term “modulated data sig 
nal” means a signal that has one or more of its characteristics 
set or changed in such a manner as to encode information in 
the signal. By Way of example, and not limitation, commu 
nication media includes Wired media such as a Wired net 
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Work or direct-Wired connection, and Wireless media such as 
acoustic, RF, infrared and other Wireless media. Combina 
tions of any of the above should also be included Within the 
scope of computer readable media. 
The system memory 130 includes computer storage media 

in the form of volatile and/or nonvolatile memory such as 
read only memory (ROM) 131 and random access memory 
(RAM) 132. A basic input/output system 133 (BIOS), con 
taining the basic routines that help to transfer information 
betWeen elements Within computer 110, such as during 
start-up, is typically stored in ROM 131. RAM 132 typically 
contains data and/or program modules that are immediately 
accessible to and/or presently being operated on by process 
ing unit 120. By Way of example, and not limitation, FIG. 1 
illustrates operating system 134, application programs 135, 
other program modules 136, and program data 137. 
The computer 110 may also include other removable/non 

removable, volatile/nonvolatile computer storage media. By 
Way of example only, FIG. 1 illustrates a hard disk drive 141 
that reads from or Writes to non-removable, nonvolatile 
magnetic media, a magnetic disk drive 151 that reads from 
or Writes to a removable, nonvolatile magnetic disk 152, and 
an optical disk drive 155 that reads from or Writes to a 
removable, nonvolatile optical disk 156 such as a CD ROM 
or other optical media. Other removable/non-removable, 
volatile/nonvolatile computer storage media that can be used 
in the exemplary operating environment include, but are not 
limited to, magnetic tape cassettes, ?ash memory cards, 
digital versatile disks, digital video tape, solid state RAM, 
solid state ROM, and the like. The hard disk drive 141 is 
typically connected to the system bus 121 through a non 
removable memory interface such as interface 140, and 
magnetic disk drive 151 and optical disk drive 155 are 
typically connected to the system bus 121 by a removable 
memory interface, such as interface 150. 
The drives and their associated computer storage media 

discussed above and illustrated in FIG. 1, provide storage of 
computer readable instructions, data structures, program 
modules and other data for the computer 110. In FIG. 1, for 
example, hard disk drive 141 is illustrated as storing oper 
ating system 144, application programs 145, other program 
modules 146, and program data 147. Note that these com 
ponents can either be the same as or different from operating 
system 134, application programs 135, other program mod 
ules 136, and program data 137. Operating system 144, 
application programs 145, other program modules 146, and 
program data 147 are given different numbers here to 
illustrate that, at a minimum, they are different copies. Auser 
may enter commands and information into the computer 110 
through input devices such as a keyboard 162 and pointing 
device 161, commonly referred to as a mouse, trackball or 
touch pad. 

Other input devices (not shoWn) may include a 
microphone, joystick, game pad, satellite dish, scanner, 
radio receiver, or a television or broadcast video receiver, or 
the like. These and other input devices are often connected 
to the processing unit 120 through a user input interface 160 
that is coupled to the system bus 121, but may be connected 
by other interface and bus structures, such as, for example, 
a parallel port, game port or a universal serial bus (USB). A 
monitor 191 or other type of display device is also connected 
to the system bus 121 via an interface, such as a video 
interface 190. In addition to the monitor, computers may 
also include other peripheral output devices such as speakers 
197 and printer 196, Which may be connected through an 
output peripheral interface 195. 
The computer 110 may operate in a netWorked environ 

ment using logical connections to one or more remote 



US 6,766,523 B2 
9 

computers, such as a remote computer 180. The remote 
computer 180 may be a personal computer, a server, a router, 
a network PC, a peer device or other common netWork node, 
and typically includes many or all of the elements described 
above relative to the computer 110, although only a memory 
storage device 181 has been illustrated in FIG. 1. The logical 
connections depicted in FIG. 1 include a local area netWork 
(LAN) 171 and a Wide area netWork 173, but may 
also include other netWorks. Such netWorking environments 
are commonplace in of?ces, enterprise-Wide computer 
netWorks, intranets and the Internet. 
When used in a LAN netWorking environment, the com 

puter 110 is connected to the LAN 171 through a netWork 
interface or adapter 170. When used in a WAN netWorking 
environment, the computer 110 typically includes a modem 
172 or other means for establishing communications over 
the WAN 173, such as the Internet. The modem 172, Which 
may be internal or external, may be connected to the system 
bus 121 via the user input interface 160, or other appropriate 
mechanism. In a netWorked environment, program modules 
depicted relative to the computer 110, or portions thereof, 
may be stored in the remote memory storage device. By Way 
of example, and not limitation, FIG. 1 illustrates remote 
application programs 185 as residing on memory device 
181. It Will be appreciated that the netWork connections 
shoWn are exemplary and other means of establishing a 
communications link betWeen the computers may be used. 

The exemplary operating environment having noW been 
discussed, the remaining part of this description Will be 
devoted to a discussion of the program modules and pro 
cesses embodying a system and method for automatically 
identifying and segmenting repeating media objects in a 
media stream. 
2.0 Introduction: 
An “object extractor” as described herein automatically 

identi?es and segments repeating objects in a media stream 
comprised of repeating and non-repeating objects. An 
“object” is de?ned to be any section of non-negligible 
duration that Would be considered to be a logical unit, When 
identi?ed as such by a human listener or vieWer. For 
example, a human listener can listen to a radio station, or 
listen to or Watch a television station or other media broad 
cast stream and easily distinguish betWeen non-repeating 
programs, and advertisements, jingles, or other frequently 
repeated objects. HoWever, automatically distinguishing the 
same, e.g., repeating, content automatically in a media 
stream is generally a dif?cult problem. 

For example, an audio stream derived from a typical pop 
radio station Will contain, over time, many repetitions of the 
same objects, including, for example, songs, jingles, 
advertisements, and station identi?ers. Similarly, an audio/ 
video media stream derived from a typical television station 
Will contain, over time, many repetitions of the same objects, 
including, for example, commercials, advertisements, sta 
tion identi?ers, or emergency broadcast signals. HoWever, 
these objects Will typically occur at unpredictable times 
Within the media stream, and are frequently corrupted by 
noise caused by any acquisition process used to capture or 
record the media stream. 

Further, objects in a typical media stream, such as a radio 
broadcast, are often corrupted by voice-overs at the begin 
ning and/or end point of each object. Further, such objects 
are frequently foreshortened, i.e., they are not played com 
pletely from the beginning or all the Way to the end. 
Additionally, such objects are often intentionally distorted. 
For example, audio broadcast via a radio station is often 
processed using compressors, equaliZers, or any of a number 
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10 
of other time/frequency effects. Further, audio objects, such 
as music or a song, broadcast on a typical radio station is 
often cross-faded With the preceding and folloWing music or 
songs, thereby obscuring the audio object start and end 
points, and adding distortion or noise to the object. Such 
manipulation of the media stream is Well knoWn to those 
skilled in the art. Finally, it should be noted that any or all 
of such corruptions or distortions can occur either individu 
ally or in combination, and are generally referred to as 
“noise” in this description, except Where they are explicitly 
referred to individually. Consequently, identi?cation of such 
objects and locating the endpoints for such objects in such 
a noisy environment is a challenging problem. 
The object extractor described herein successfully 

addresses these and other issues While providing many 
advantages. For example, in addition to providing a useful 
technique for gathering statistical information regarding 
media objects Within a media stream, automatic identi?ca 
tion and segmentation of the media stream alloWs a user to 
automatically access desired content Within the stream, or, 
conversely, to automatically bypass unWanted content in the 
media stream. Further advantages include the ability to 
identify and store only desirable content from a media 
stream; the ability to identify targeted content for special 
processing, the ability to de-noise, or clear up any multiply 
detected objects; and the ability to archive the stream 
ef?ciently by storing only single copies of any multiply 
detected objects. 

In general, automatic identi?cation and segmentation of 
repeating media objects is achieved by comparing portions 
of the media stream to locate regions or portions Within the 
media stream Where media content is being repeated. In a 
tested embodiment, identi?cation and segmentation of 
repeating objects is achieved by directly comparing sections 
of the media stream to identify matching portions of the 
stream, then aligning the matching portions to identify 
object endpoints. 

In another embodiment, automatic identi?cation and seg 
mentation of repeating media objects is achieved by employ 
ing a suite of object dependent algorithms to target different 
aspects of audio and/or video media for identifying possible 
objects. Once a possible object is identi?ed Within the 
stream, con?rmation of an object as a repeating object is 
achieved by an automatic search for potentially matching 
objects in an automatically instantiated dynamic object 
database, folloWed by a detailed comparison betWeen the 
possible object and one or more of the potentially matching 
objects. Object endpoints are then automatically determined 
by automatic alignment and comparison to other repeating 
copies of that object. 

Various alternate embodiments, as described beloW are 
used to dramatically increase the speed of media object 
identi?cation in a media stream by restricting searches of 
previously identi?ed portions of the media stream, or by ?rst 
querying a database of previously identi?ed media objects 
prior to searching the media stream. Further, in a related 
embodiment, the media stream is analyZed in segments 
corresponding to a period of time sufficient to alloW for one 
or more repeat instances of media objects, folloWed by a 
database query then a search of the media stream, if neces 
sary. 
2.1 System OvervieW: 

In general, identifying repeat instances of an object 
includes ?rst instantiating or initialiZing an empty “object 
database” for storing information such as, for example, 
pointers to media object positions Within the media stream, 
parametric information for characteriZing those media 
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objects, metadata for describing such objects, object end 
point information, or copies of the objects themselves. Note 
that any or all of this information can be maintained in either 
a single object database, or in any number of databases or 
computer ?les. HoWever, for clarity of discussion, a single 
database Will be referred to throughout this discussion as the 
aforementioned information. Note that in an alternate 
embodiment, a preexisting database including parametric 
information for characteriZing pre-identi?ed objects is used 
in place of the empty database. HoWever, While such a 
preexisting database can speed up initial object 
identi?cations, over time, it does not provide signi?cantly 
better performance over an initially empty database that is 
populated With parametric information as objects are located 
Within the stream. 

In either case, once the object database, either empty, or 
preexisting, is available, the next step involves capturing and 
storing at least one media stream over a desired period of 
time. The desired period of time can be anyWhere from 
minutes to hours, or from days to Weeks or longer. HoWever, 
the basic requirement is that the sample period should be 
long enough for objects to begin repeating Within the stream. 
Repetition of objects alloWs the endpoints of the objects to 
be identi?ed When the objects are located Within the stream. 
As discussed herein, repetition of objects alloWs the end 
points of the objects to be identi?ed When the objects are 
located Within the stream. In another embodiment, in order 
to minimiZe storage requirements, the stored media stream 
is compressed using any desired conventional compression 
method for compressing audio/and or video content. Such 
compression techniques are Well knoWn to those skilled in 
the art, and Will not be discussed herein. 
As noted above, in one embodiment, automatic identi? 

cation and segmentation of repeating media objects is 
achieved by comparing portions of the media stream to 
locate regions or portions Within the media stream Where 
media content is being repeated. Speci?cally, in this 
embodiment, a portion or WindoW of the media stream is 
selected from the media stream. The length of the WindoW 
can be any desired length, but typically should not be so 
short as to provide little or no useful information, or so long 
that it potentially encompasses multiple media objects. In a 
tested embodiment, WindoWs or segments on the order of 
about tWo to ?ve times the length of the average repeated 
object of the sought type Was found to produce good results. 
This portion or WindoW can be selected beginning from 
either end of the media stream, or can even be randomly 
selected from the media stream. 

Next, the selected portion of the media stream is directly 
compared against similar siZed portions of the media stream 
in an attempt to locate a matching section of the media 
stream. These comparisons continue until either the entire 
media stream has been searched to locate a match, or until 
a match is actually located, Whichever comes ?rst. As With 
the selection of the portion for comparison to the media 
stream, the portions Which are compared to the selected 
segment or WindoW can be taken sequentially beginning at 
either end of the media stream, or can even be randomly 
taken from the media stream, or When an algorithm indicates 
the probability that an object of the sought class is present 
in the current segment. 

In this tested embodiment, once a match is identi?ed by 
the direct comparison of portions of the media stream, 
identi?cation and segmentation of repeating objects is then 
achieved by aligning the matching portions to locate object 
endpoints. Note that because each object includes noise, and 
may be shortened or cropped, either at the beginning or the 
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end, as noted above, the object endpoints are not alWays 
clearly demarcated. HoWever, even in such a noisy 
environment, approximate endpoints are located by aligning 
the matching portions using any of a number of conventional 
techniques, such as simple pattern matching, aligning cross 
correlation peaks betWeen the matching portions, or any 
other conventional technique for aligning matching signals. 
Once aligned, the endpoints are identi?ed by tracing back 
Wards and forWards in the media stream, past the boundaries 
of the matching portions, to locate those points Where the 
tWo portions of the media stream diverge. Because repeating 
media objects are not typically played in exactly the same 
order every time they are broadcast, this technique for 
locating endpoints in the media stream has been observed to 
satisfactorily locate the start and endpoints of media objects 
in the media stream. 

Alternately, as noted above, in one embodiment, a suite of 
algorithms is used to target different aspects of audio and/or 
video media for computing parametric information useful 
for identifying objects in the media stream. This parametric 
information includes parameters that are useful for identi 
fying particular objects, and thus, the type of parametric 
information computed is dependent upon the class of object 
being sought. Note that any of a number of Well-known 
conventional frequency, time, image, or energy-based tech 
niques for comparing the similarity of media objects can be 
used to identify potential object matches, depending upon 
the type of media stream being analyZed. For example, With 
respect to music or songs in an audio stream, these algo 
rithms include, for example, calculating easily computed 
parameters in the media stream such as beats per minute in 
a short WindoW, stereo information, energy ratio per channel 
over short intervals, and frequency content of particular 
frequency bands; comparing larger segments of media for 
substantial similarities in their spectrum; storing samples of 
possible candidate objects; and learning to identify any 
repeated objects 

In this embodiment, once the media stream has been 
acquired, the stored media stream is examined to determine 
a probability that an object of a sought class, i.e., song, 
jingle, video, advertisement, etc., is present at a portion of 
the stream being examined. HoWever, it should be noted that 
in an alternate embodiment, the media stream is examined in 
real-time, as it is stored, to determine the probability of the 
existence of a sought object at the present time Within the 
stream. Note that real-time or post storage media stream 
examination is handled in substantially the same manner. 
Once the probability that a sought object exists reaches a 
predetermined threshold, the position of that probable object 
Within the stream is automatically noted Within the afore 
mentioned database. Note that this detection or similarity 
threshold can be increased or decreased as desired in order 
to adjust the sensitivity of object detection Within the stream. 

Given this embodiment, once a probable object has been 
identi?ed in the stream, parametric information for charac 
teriZing the probable object is computed and used in a 
database query or search to identify potential object matches 
With previously identi?ed probable objects. The purpose of 
the database query is simply to determine Whether tWo 
portions of a stream are approximately the same. In other 
Words, Whether the objects located at tWo different time 
positions Within the stream are approximately the same. 
Further, because the database is initially empty, the likeli 
hood of identifying potential matches naturally increases 
over time as more potential objects are identi?ed and added 
to the database. 

Note that in alternate embodiments, the number of poten 
tial matches returned by the database query is limited to a 
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desired maximum in order to reduce system overhead. 
Further, as noted above, the similarity threshold for com 
parison of the probable object With objects in the database is 
adjustable in order to either increase or decrease the likeli 
hood of a potential match as desired. In yet another related 
embodiment, those objects found to repeat more frequently 
Within a media stream are Weighted more heavily so that 
they are more likely to be identi?ed as a potential match than 
those objects that repeat less frequently. In still another 
embodiment, if too many potential matches are returned by 
the database search, then the similarity threshold is increased 
so that feWer potential matches are returned. 

Once the potential matches to the probable object have 
been returned, a more detailed comparison betWeen the 
probable object and one or more of the potential matches is 
performed in order to more positively identify the probable 
object. At this point, if the probable object is found to be a 
repeat of one of the potential matches, it is identi?ed as a 
repeat object, and its position Within the stream is saved to 
the database. Conversely, if the detailed comparison shoWs 
that the probable object is not a repeat of one of the potential 
matches, it is identi?ed as a neW object in the database, and 
its position Within the stream and parametric information is 
saved to the database as noted above. HoWever, in an 
alternate embodiment, if the object is not identi?ed as a 
repeat object, a neW database search is made using a loWer 
similarity threshold to identify additional objects for com 
parison. Again, if the probable object is determined to be a 
repeat it is identi?ed as such, otherWise, it is added to the 
database as a neW object as described above. 

Further, as With the previously discussed embodiment, the 
endpoints of the various instances of a repeating object are 
automatically determined. For example if there are N 
instances of a particular object, not all of them may be of 
precisely the same length. Consequently, a determination of 
the endpoints involves aligning the various instances relative 
to one instance and then tracing backWards and forWards in 
each of the aligned objects to determine the furthest extent 
at Which each of the instances is still approximately equal to 
the other instances. 

It should be noted that the methods for determining the 
probability that an object of a sought class is present at a 
portion of the stream being examined, and for testing 
Whether tWo portions of the stream are approximately the 
same both depend heavily on the type of object being sought 
(e.g., music, speech, advertisements, jingles, station 
identi?cations, videos, etc.) While the database and the 
determination of endpoint locations Within the stream are 
very similar regardless of What kind of object is being 
sought. 

In still further modi?cations of each of the aforemen 
tioned embodiments, the speed of media object identi?ca 
tion in a media stream is dramatically increased by restrict 
ing searches of previously identi?ed portions of the media 
stream, or by ?rst querying a database of previously iden 
ti?ed media objects prior to searching the media stream. 
Further, in a related embodiment, the media stream is 
analyZed in segments corresponding to a period of time 
sufficient to alloW for one or more repeat instances of media 
objects, folloWed by a database query then a search of the 
media stream, if necessary. 

Finally, in another embodiment, once the endpoints have 
been determined as noted above, objects are extracted from 
the audio stream and stored in individual ?les. Alternately, 
pointers to the object endpoints Within the media stream are 
stored in the database. 
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2.2 System Architecture: 
The general system diagram of FIG. 2 illustrates the 

process summariZed above. In particular, the system dia 
gram of FIG. 2 illustrates the interrelationships betWeen 
program modules for implementing an “object extractor” for 
automatically identifying and segmenting repeating objects 
in a media stream. It should be noted that the boxes and 
interconnections betWeen boxes that are represented by 
broken or dashed lines in FIG. 2 represent alternate embodi 
ments of the invention, and that any or all of these alternate 
embodiments, as described beloW, may be used in combi 
nation With other alternate embodiments that are described 
throughout this document. 

In particular, as illustrated by FIG. 2, a system and method 
for automatically identifying and segmenting repeating 
objects in a media stream begins by using a media capture 
module 200 for capturing a media stream containing audio 
and/or video information. The media capture module 200 
uses any of a number conventional techniques to capture a 
radio or television/video broadcast media stream. Such 
media capture techniques are Well knoWn to those skilled in 
the art, and Will not be described herein. Once captured, the 
media stream 210 is stored in a computer ?le or database. 
Further, in one embodiment, the media stream 210 is com 
pressed using conventional techniques for compression of 
audio and/or video media. 

In one embodiment, an object detection module 220 
selects a segment or WindoW from the media stream and 
provides it to an object comparison module 240 performing 
a direct comparison betWeen that section and other sections 
or WindoWs of the media stream 210 in an attempt to locate 
matching portions of the media stream. As noted above, the 
comparisons performed by the object comparison module 
240 continue until either the entire media stream 210 has 
been searched to locate a match, or until a match is actually 
located, Whichever comes ?rst. 

In this embodiment, once a match is identi?ed by the 
direct comparison of portions of the media stream by the 
object comparison module 240, identi?cation and segmen 
tation of repeating objects is then achieved using an object 
alignment and endpoint determination module 250 to align 
the matching portions of the media stream and then search 
backWards and forWards from the center of alignment 
betWeen the portions of the media stream to identify the 
furthest extents at Which each object is approximately equal. 
Identifying the extents of each object in this manner serves 
to identify the object endpoints. In one embodiment, this 
endpoint information is then stored in the object database 
230. 

Alternately, in another embodiment, rather than simply 
selecting a WindoW or segment of the media stream for 
comparison purposes, the object detection module ?rst 
examines the media stream 210 in an attempt to identify 
potential media objects embedded Within the media stream. 
This examination of the media stream 210 is accomplished 
by examining a WindoW representing a portion of the media 
stream. As noted above, the examination of the media stream 
210 to detect possible objects uses one or more detection 
algorithms that are tailored to the type of media content 
being examined. In general, these detection algorithms com 
pute parametric information for characteriZing the portion of 
the media stream being analyZed. Detection of possible 
media objects is described beloW in further detail in Section 
3.1.1. 
Once the object detection module 220 identi?es a possible 

object, the location or position of the possible object Within 
the media stream 210 is noted in an object database 230. In 
addition, the parametric information for characteriZing the 
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possible object computed by object detection module 220 is 
also stored in the object database 230. Note that this object 
database is initially empty, and that the ?rst entry in the 
object database 230 corresponds to the ?rst possible object 
that is detected by the object detection module 220. 
Alternately, the object database is pre-populated With results 
from the analysis or search of a previously captured media 
stream. The object database is described in further detail 
beloW in Section 3.1.3. 

Following the detection of a possible object Within the 
media stream 210, an object comparison module 240 then 
queries the object database 230 to locate potential matches, 
i.e., repeat instances, for the possible object. Once one or 
more potential matches have been identi?ed, the object 
comparison module 240 then performs a detailed compari 
son betWeen the possible object and one or more of the 
potentially matching objects. This detailed comparison 
includes either a direct comparison of portions of the media 
stream representing the possible object and the potential 
matches, or a comparison betWeen a loWer-dimensional 
version of the portions of the media stream representing the 
possible object and the potential matches. This comparison 
process is described in further detail beloW in Section 3.1.2. 

Next, once the object comparison module 240 has iden 
ti?ed a match or a repeat instance of the possible object, the 
possible object is ?agged as a repeating object in the object 
database 230. An object alignment and endpoint determina 
tion module 250 then aligns the neWly identi?ed repeat 
object With each previously identi?ed repeat instance of the 
object, and searches backWards and forWards among each of 
these objects to identify the furthest extents at Which each 
object is approximately equal. Identifying the extents of 
each object in this manner serves to identify the object 
endpoints. This endpoint information is then stored in the 
object database 230. Alignment and identi?cation of object 
endpoints is discussed in further detail beloW in Section 
3.1.4. 

Finally, in another embodiment, once the object endpoints 
have been identi?ed by the object alignment and endpoint 
determination module 250, an object extraction module 260 
uses the endpoint information to copy the section of the 
media stream corresponding to those endpoints to a separate 
?le or database of individual media objects 270. Note also 
that in another embodiment, the media objects 270 are used 
in place of portions of the media stream representing poten 
tial matches to the possible objects for the aforementioned 
comparison betWeen loWer-dimensional versions of the pos 
sible object and the potential matches. 

The processes described above are repeated, With the 
portion of the media stream 210 that is being analyZed by the 
object detection module 220 being incremented, such as, for 
example, by using a sliding WindoW, or by moving the 
beginning of the WindoW to the computed endpoint of the 
last detected media object. These processes continue until 
such time as the entire media stream has been examined, or 
until a user terminates the examination. In the case of 
searching a stream in real-time for repeating objects, the 
search process may be terminated When a pre-determined 
amount of time has been expended. 
3.0 Operation OvervieW: 

The above-described program modules are employed in 
an “object extractor” for automatically identifying and seg 
menting repeating objects in a media stream. This process is 
depicted in the How diagrams of FIG. 3A through FIG. 5, 
Which represent alternate embodiments of the object 
extractor, folloWing a detailed operational discussion of 
exemplary methods for implementing the aforementioned 
program modules. 

10 

15 

25 

35 

40 

45 

55 

65 

16 
3.1 Operational Elements: 
As noted above, an object extractor operates to automati 

cally identify and segment repeating objects in a media 
stream. A Working example of a general method of identi 
fying repeat instances of an object generally includes the 
folloWing elements: 

1. A technique for determining Whether tWo portions of 
the media stream are approximately the same. In other 
Words, a technique for determining Whether media 
objects located at approximately time position ti and ti, 
respectively, Within the media stream are approxi 
mately the same. See Section 3.1.2 for further details. 
Note that in a related embodiment, the technique for 
determining Whether tWo portions of the media stream 
are approximately the same is preceded by a technique 
for determining the probability that a media object of a 
sought class is present at the portion of the media 
stream being examined. See Section 3.1.1 for further 
details. 

2. An object database for storing information for describ 
ing each located instance of particular repeat objects. 
The object database contains records, such as, for 
example, pointers to media object positions Within the 
media stream, parametric information for characteriZ 
ing those media objects, metadata for describing such 
objects, object endpoint information, or copies of the 
objects themselves. Again, as noted above, the object 
database can actually be one or more databases as 

desired. See Section 3.1.3 for further details. 
3. A technique for determining the endpoints of the 

various instances of any identi?ed repeat objects. In 
general, this technique ?rst aligns each matching seg 
ment or media object and then traces backWards and 
forWards in time to determine the furthest extent at 
Which each of the instances is still approximately equal 
to the other instances. These furthest extents generally 
correspond to the endpoints of the repeating media 
objects. See Section 3.1.4 for further details. 

It should be noted that the technique for determining the 
probability that a media object of a sought class is present at 
a portion of the stream being examined, and the technique 
for determining Whether tWo portions of the media stream 
are approximately the same, both depend heavily on the type 
of object being sought (e.g., Whether it is music, speech, 
video, etc.) While the object database and technique for 
determining the endpoints of the various instances of any 
identi?ed repeat objects can be quite similar regardless of 
the type or class of object being sought. 

Note that the folloWing discussion makes reference to the 
detection of music or songs in an audio media stream in 
order to put the object extractor in context. HoWever, as 
discussed above, the same generic approach applies 
described herein applies equally Well to other classes of 
objects such as, for example, speech, videos, image 
sequences, station jingles, advertisements, etc. 
3.1.1 Object Detection Probability: 
As noted above, in one embodiment the technique for 

determining Whether tWo portions of the media stream are 
approximately the same is preceded by a technique for 
determining the probability that a media object of a sought 
class is present at the portion of the media stream being 
examined. This determination is not necessary in the 
embodiment Where direct comparisons are made betWeen 
sections of the media stream (see Section 3.1.2); hoWever it 
can greatly increase the ef?ciency of the search. That is, 
sections that are determined unlikely to contain objects of 
the sought class need not be compared to other sections. 
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Determining the probability that a media object of a sought 
class is present in a media stream begins by ?rst capturing 
and examining the media stream. For example, one approach 
is to continuously calculate a vector of easily computed 
parameters, i.e., parametric information, While advancing 
through the target media stream. As noted above, the para 
metric information needed to characteriZe particular media 
object types or classes is completely dependent upon the 
particular object type or class for Which a search is being 
performed. 

It should be noted that the technique for determining the 
probability that a media object of a sought class is present in 
a media stream is typically unreliable. In other Words, this 
technique classi?es many sections as probable or possible 
sought objects When they are not, thereby generating useless 
entries in the object database. Similarly, being inherently 
unreliable, this technique also fails to classify many actual 
sought objects as probable or possible objects. HoWever, 
While more ef?cient comparison techniques can be used, the 
combination of the initial probable or possible detection 
With a later detailed comparison of potential matches for 
identifying repeat objects serves to rapidly identify locations 
of most of the sought objects in the stream. 

Clearly, virtually any type of parametric information can 
be used to locate possible objects Within the media stream. 
For example, With respect to commercials or other video or 
audio segments Which repeat frequently in a broadcast video 
or television stream, possible or probable objects can be 
located by examining either the audio portion of the stream, 
the video portion of the stream, or both. In addition, knoWn 
information about the characteristics of such objects can be 
used to tailor the initial detection algorithm. For example, 
television commercials tend to be from 15 to 45 seconds in 
length, and tend to be grouped in blocks of 3 to 5 minutes. 
This information can be used in locating commercial or 
advertising blocks Within a video or television stream. 
With respect to an audio media stream, for example, 

Where it is desired to search for songs, music, or repeating 
speech, the parametric information used to locate possible 
objects Within the media stream consists of information such 
as, for example, beats per minute (BPM) of the media stream 
calculated over a short WindoW, relative stereo information 
(eg ratio of energy of difference channel to energy of sum 
channel), and energy occupancy of certain frequency bands 
averaged over short intervals. 

In addition, particular attention is given to the continuity 
of certain parametric information. For example if the BPM 
of an audio media stream remains approximately the same 
over an interval of 30-seconds or longer this can be taken as 
an indication that a song object probably exists at that 
location in the stream. A constant BPM for a lesser duration 
provides a loWer probability of object existence at a par 
ticular location Within the stream. Similarly, the presence of 
substantial stereo information over an extended period can 
indicate the likelihood that a song is playing. 

There are various Ways of computing an approximate 
BPM. For example, in a Working example of the object 
extractor, the audio stream is ?ltered and doWn-sampled to 
produce a loWer dimension version of the original stream. In 
a tested embodiment, ?ltering the audio stream to produce a 
stream that contains only information in the range of 0—220 
HZ Was found to produce good BPM results. HoWever, it 
should be appreciated that any frequency range can be 
examined depending upon What information is to be 
extracted from the media stream. Once the stream has been 
?ltered and doWn-sampled, a search is then performed for 
dominant peaks in the loW rate stream using autocorrelation 
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of WindoWs of approximately 10-seconds at a time, With the 
largest tWo peaks, BPM1 and BPM2, being retained. Using 
this technique in the tested embodiment, a determination is 
made that a sought object (in this case a song) exists if either 
BPM1 or BPM2 is approximately continuous for one minute 
or more. Spurious BPM numbers are eliminated using 
median ?ltering. 

It should be noted that in the preceding discussion, the 
identi?cation of probable or possible sought objects Was 
accomplished using only a vector of features or parametric 
information. HoWever, in a further embodiment, information 
about found objects is used to modify this basic search. For 
example, going back to the audio stream example, a gap of 
4 minutes betWeen a found object and a station jingle Would 
be a very good candidate to add to the database as a probably 
sought object even if the initial search didn’t ?ag it as such. 
3.1.2 Testing Object Similarity: 
As discussed above, a determination of Whether tWo 

portions of the media stream are approximately the same 
involves a comparison of tWo or more portions of the media 
stream, located at tWo positions Within the media stream, 
i.e., ti and ti, respectively. Note that in a tested embodiment, 
the siZe of the WindoWs or segments to be compared are 
chosen to be larger than expected media objects Within the 
media stream. Consequently, it is to be expected that only 
portions of the compared sections of the media stream Will 
actually match, rather than entire segments or WindoWs 
unless media objects are consistently played in the same 
order Within the media stream. 

In one embodiment, this comparison simply involves 
directly comparing different portions of the media stream to 
identify any matches in the media stream. Note that due to 
the presence of noise from any of the aforementioned 
sources in the media stream it is unlikely that any tWo 
repeating or duplicate sections of the media stream Will 
exactly match. HoWever, conventional techniques for com 
parison of noisy signals for determining Whether such sig 
nals are duplicates or repeat instances are Well knoWn to 
those skilled in the art, and Will not be described in further 
detail herein. Further, such direct comparisons are appli 
cable to any signal type Without the need to ?rst compute 
parametric information for characteriZing the signal or 
media stream. 

In another embodiment, as noted above, this comparison 
involves ?rst comparing parametric information for portions 
of the media stream to identify possible or potential matches 
to a current segment or WindoW of the media stream. 
Whether directly comparing portions of the media stream 

or comparing parametric information, the determination of 
Whether tWo portions of the media stream are approximately 
the same is inherently more reliable than the basic detection 
of possible objects alone (see Section 3.1.1). In other Words, 
this determination has a relatively smaller probability of 
incorrectly classifying tWo dissimilar stretches of a media 
stream as being the same. Consequently, Where tWo 
instances of records in the database are determined to be 
similar, or tWo segments or WindoWs of the media stream are 
determined to be suf?ciently similar, this is taken as con?r 
mation that these records or portions of the media stream 
indeed represent a repeating object. 

This is signi?cant because in the embodiments Wherein 
the media stream is ?rst examined to locate possible objects, 
the simple detection of a possible object can be unreliable; 
i.e., entries are made in the database that are regarded as 
objects, but in fact are not. Thus in examining the contents 
of the database, those records for Which only one copy has 
been found are only probably sought objects or possible 



US 6,766,523 B2 
19 

objects (i.e., songs, jingles, advertisements, videos, 
commercials, etc.), but those for Which tWo or more copies 
have been found are considered to be sought objects With a 
higher degree of certainty. Thus the ?nding of a second copy, 
and subsequent copies, of an object helps greatly in remov 
ing the uncertainty due to the unreliability of simply detect 
ing a possible or probable object Within the media stream. 

For example, in a tested embodiment using an audio 
media stream, When comparing parametric information 
rather than performing direct comparisons, tWo locations in 
the audio stream are compared by comparing one or more of 
their Bark bands. To test the conjecture that locations ti and 
t- are approximately the same, the Bark spectra is calculated 
or an interval of tWo to ?ve times the length of the average 
object of the sought class centered at each of the locations. 
This time is chosen simply as a matter of convenience. Next, 
the cross-correlation of one or more of the bands is 
calculated, and a search for a peak performed. If the peak is 
sufficiently strong to indicate that these Bark spectra are 
substantially the same, it is inferred that the sections of audio 
from Which they Were derived are also substantially the 
same. 

Further, in another tested embodiment, performing this 
cross-correlation test With several Bark spectra bands rather 
than a single one increases the robustness of the comparison. 
Speci?cally, a multi-band cross-correlation comparison 
alloWs the object extractor to almost alWays correctly iden 
tify When tWo locations ti and ti represent approximately the 
same object, While very rarely incorrectly indicating that 
they are the same. Testing of audio data captured from a 
broadcast audio stream has shoWn that the Bark spectra 
bands that contain signal information in the 700 HZ to 1200 
HZ range are particularly robust and reliable for this purpose. 
HoWever, it should be noted that cross-correlation over other 
frequency bands can also be successfully used by the object 
extractor When examining an audio media stream. 

Once it has been determined that locations ti and t] 
represent the same object, the difference betWeen the peak 
positions of the cross-correlations of the Bark spectra bands, 
and the auto-correlation of one of the bands alloWs a 
calculation of the alignment of the separate objects. Thus, an 
adjusted location tj‘ is calculated Which corresponds to the 
same location in a song as does ti. In other Words, the 
comparison and alignment calculations shoW both that the 
audio centered at ti and t]- represent the same object, but that 
ti and ti‘ represent approximately the same position in that 
object. That is, for example if ti Was 2 minutes into a 6 
minute object, and t]- Was 4 minutes into the same object the 
comparison and alignment of the objects alloWs a determi 
nation of Whether the objects are the same object, as Well as 
returning tj‘ Which represents a location that is 2 minutes into 
the second instance of the object. 

The direct comparison case is similar. For example in the 
direct comparison case, conventional comparison 
techniques, such as, for example, performing a cross 
correlation betWeen different portions of the media stream is 
used to identify matching areas of the media stream. As With 
the previous example, the general idea is simply to deter 
mine Whether tWo portions of the media stream at locations 
ti and ti, respectively, are approximately the same. Further, 
the direct comparison case is actually much easier to imple 
ment than the previous embodiment, because the direct 
comparison is not media dependent. For example, as noted 
above, the parametric information needed for analysis of 
particular signal or media types is dependent upon the type 
of signal or media object being characteriZed. HoWever, With 
the direct comparison method, these media-dependent char 
acteriZations need not be determined for comparison pur 
poses. 
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3.1.3 Object Database: 
As noted above, in alternate embodiments, the object 

database is used to store information such as, for example, 
any or all of: pointers to media object positions Within the 
media stream; parametric information for characteriZing 
those media objects; metadata for describing such objects; 
object endpoint information; copies of the media objects; 
and pointers to ?les or other databases Where individual 
media objects are stored. Further, in one embodiment, this 
object database also stores statistical information regarding 
repeat instances of objects, once found. Note that the term 
“database” is used here in a general sense. In particular, in 
alternate embodiments, the system and method described 
herein constructs its oWn database, uses the ?le-system of an 
operating system, or uses a commercial database package 
such as, for example an SQL server or Microsoft® Access. 
Further, also as noted above, one or more databases are used 
in alternate embodiments for storing any or all of the 
aforementioned information. 

In a tested embodiment, the object database is initially 
empty. Entries are stored in the object database When it is 
determined that a media object of a sought class is present 
in a media stream (see Section 3.1.1 and Section 3.1.2, for 
example). Note that in another embodiment, When perform 
ing direct comparisons, the object database is queried to 
locate object matches prior to searching the media stream 
itself. This embodiment operates on the assumption that 
once a particular media object has been observed in the 
media stream, it is more likely that that particular media 
object Will repeat Within that media stream. Consequently, 
?rst querying the object database to locate matching media 
objects serves to reduce the overall time and computational 
expense needed to identify matching media objects. These 
embodiments are discussed in further detail beloW. 
The database performs tWo basic functions. First it 

responds to queries for determining if one or more objects 
matching, or partially matching, either a media object or a 
certain set of features or parametric information exist in the 
object database. In response to this query, the object data 
base returns either a list of the stream names and locations 
of potentially matching objects, as discussed above, or 
simply the name and location of matching media objects. In 
one embodiment, if there is no current entry matching the 
feature list, the object database creates one and adds the 
stream name and location as a neW probable or possible 
object. 

Note that in one embodiment, When returning possibly 
matching records, the object database presents the records in 
the order it determines most probable of match. For 
example, this probability can be based on parameters such as 
the previously computed similarity betWeen the possible 
objects and the potential matches. Alternately, a higher 
probability of match can be returned for records that have 
already several copies in the object database, as it is more 
probable that such records Will match than those records that 
have only one copy in the object database. Starting the 
aforementioned object comparisons With the most probable 
object matches reduces computational time While increasing 
overall system performance because such matches are typi 
cally identi?ed With feWer detailed comparisons. 
The second basic function of the database involves a 

determination of the object endpoints. In particular, When 
attempting to determine object endpoints, the object data 
base returns the stream name and location Within those 
streams of each of the repeat copies or instances of an object 
so that the objects can be aligned and compared as described 
in the folloWing section. 
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3.1.4 Object Endpoint Determination: 
Over time, as the media stream is processed, the object 

database naturally becomes increasingly populated With 
objects, repeat objects, and approximate object locations 
Within the stream. As noted above, records in the database 
that contain more than one copy or instance of a possible 
object are assumed to be sought objects. The number of such 
records in the database Will groW at a rate that depends on 
the frequency With Which sought objects are repeated in the 
target stream, and on the length of the stream being ana 
lyZed. In addition to removing the uncertainty as to Whether 
a record in the database represents a sought object or simply 
a classi?cation error, ?nding a second copy of a sought 
object helps determine the endpoints of the object in the 
stream. 

Speci?cally, as the database becomes increasingly popu 
lated With repeat media objects, it becomes increasingly 
easier to identify the endpoints of those media objects. In 
general, a determination of the endpoints of media objects is 
accomplished by comparison and alignment of the media 
objects identi?ed Within the media stream, folloWed by a 
determination of Where the various instances of a particular 
media object diverge. As noted above in Section 3.1.2, While 
a comparison of the possible objects con?rms that the same 
object is present at different locations in the media stream, 
this comparison, in itself, does not de?ne the boundaries of 
those objects. HoWever, these boundaries are determinable 
by comparing the media stream, or a loWer-dimensional 
version of the media stream at those locations, then aligning 
those portions of the media stream and tracing backWards 
and forWards in the media stream to identify points Within 
the media stream Where the media stream diverges. 

For example, in the case of an audio media stream, With 
N instances of an object in the database record, there are thus 
N locations Where the object occurs in the audio stream. In 
general, it has been observed that in a direct comparison of 
a broadcast audio stream, the Waveform data can, in some 
cases, be too noisy to yield a reliable indication of Where the 
various copies are approximately coincident and Where they 
begin to diverge. Where the stream is too noisy for such 
direct comparison, comparison of a loW-dimensional 
version, or of particular characteristic information, has been 
observed to provide satisfactory results. For example, in the 
case of a noisy audio stream, it has been observed that the 
comparison of particular frequencies or frequency bands, 
such as a Bark spectra representation, Works Well for com 
parison and alignment purposes. 

Speci?cally, in a tested embodiment for extracting media 
objects from an audio stream, for each of the N copies of the 
media object, one or more Bark spectra representations are 
derived from a WindoW of the audio data relatively longer 
than the object. As described above, a more reliable com 
parison is achieved through the use of more than one 
representative Bark band. Note that in a Working example of 
the object extractor applied to an audio stream, Bark bands 
representing information in the 700 HZ to 1200 HZ range 
Were found especially robust and useful for comparing audio 
objects. Clearly, the frequency bands chosen for comparison 
should be tailored to the type of music, speech, or other 
audio objects in the audio stream. In one embodiment, 
?ltered versions of the selected bands are used to increase 
robustness further. 

Given this example, so long as the selected Bark spectra 
are approximately the same for all copies, it is assumed that 
the underlying audio data is also approximately the same. 
Conversely, When the selected Bark spectra are suf?ciently 
different for all copies it is assumed that the underlying 
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audio data no longer belongs to the object in question. In this 
manner the selected Bark spectra is traced backWards and 
forWards Within the stream to determine the locations at 
Which divergence occurs in order to determine the bound 
aries of the object. 

In particular, in one embodiment loW dimension versions 
of objects in the database are computed using the Bark 
spectra decomposition (also knoWn as critical bands). This 
decomposition is Well knoWn to those skilled in the art. This 
decomposes the signal into a number of different bands. 
Since they occupy narroW frequency ranges the individual 
bands can be sampled at much loWer rates than the signal 
they represent. Therefore, the characteristic information 
computed for objects in the object database can consist of 
sampled versions of one or more of these bands. For 
example, in one embodiment the characteristic information 
consists of a sampled version of Bark band 7 Which is 
centered at 840 HZ. 

In another embodiment determining that a target portion 
of an audio media stream matches an element in the database 
is done by calculating the cross-correlation of the loW 
dimension version of the database object With a loW dimen 
sion version of the target portion of the audio stream. Apeak 
in the cross correlation generally implies that tWo Wave 
forms are approximately equal for at least a portion of their 
lengths. As is Well knoWn to those skilled in the art, there are 
various techniques to avoid accepting spurious peaks. For 
example, if a particular local maximum of the cross 
correlation is a candidate peak, We may require that the 
value at the peak is more than a threshold number of 
standard deviations higher than the mean in a WindoW of 
values surrounding (but not necessarily including) the peak. 

In yet another embodiment the extents or endpoints of the 
found object is determined by aligning tWo or more copies 
of repeating objects. For example, once a match has been 
found (by detecting a peak in the cross-correlation) the loW 
dimension version of the target portion of the audio stream 
and the loW dimension version of either another section of 
the stream or a database entry are aligned. The amount by 
Which they are misaligned is determined by the position of 
the cross-correlation peak. One of the loW dimension ver 
sions is then normaliZed so that their values approximately 
coincide. That is, if the target portion of an audio stream is 
S, and the matching portion (either from another section of 
the stream or a database) is G, and it has been determined 
from the cross-correlation that G and S match With offset 0, 
then S(t), Where t is the temporal position Within the audio 
stream, is compared With G(t+o). HoWever a normaliZation 
may be necessary before S(t) is approximately equal to 
G(t+o). Next the beginning point of the object is determined 
by ?nding the smallest tb such that S(t) is approximately 
equal to G(t+o) for t>tb. Similarly the endpoint of the object 
is determined by ?nding the largest te such that S(t) is 
approximately equal to G(t+o) for t<te. Once this is done S(t) 
is approximately equal to G(t+o) for tb<t<te and tb and te can 
be regarded as the approximate endpoints of the object. In 
some instances it may be necessary to ?lter the loW dimen 
sion versions before determining the endpoints. 

In one embodiment, determining that S(t) is approxi 
mately equal to G(t+o) for t>tb is done by a bisection 
method. A location tO is found Where S(to) and G(tO+o) are 
approximately equal, and t1 Where S(tl) and G(t1+o) are not 
equal, Where t1<tO. The beginning of the object is then 
determined by comparing small sections of S(t) and G(t+o) 
for the various values of t determined by the bisection 
algorithm. The end of the object is determined by ?rst 
?nding tO Where S(to) and G(t0+o) are approximately equal, 
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and t2 Where S(t2) and G(t2+o) are not equal, Where t2>tO. 
Finally, the endpoint of the object is then determined by 
comparing sections of S(t) and G(t+o) for the various values 
of t determined by the bisection algorithm. 

In still another embodiment, determining that S(t) is 
approximately equal to G(t+o) for t>tb is done by ?nding to 
Where S(to) and G(tO+o) are approximately equal, and then 
decreasing t from to until S(t) and G(t+o) are no longer 
approximately equal. Rather than deciding that S(t) and 
G(t+o) are no longer approximately equal When their abso 
lute difference exceeds some threshold at a single value of 
t, it is generally more robust to make that decision When their 
absolute difference has exceeded some threshold for a 
certain minimum range of values, or Where the accumulated 
absolute difference exceeds some threshold. Similarly the 
endpoint is determined by increasing t from tO until S(t) and 
G(t+o) are no longer approximately equal. 

In operation, it Was observed that among several instances 
of an object, such as broadcast audio from a radio or TV 
station, it is uncommon for all of the objects to be of 
precisely the same length. For example, in the case of a 
6-minute object, it may sometimes be played all the Way 
from the beginning to end, sometimes be shortened at 
beginning and/or end, and sometimes be corrupted by intro 
ductory voiceover or the fade-out or fade-in of the previous 
or next object. 

Given this likely discrepancy in the length of repeat 
objects, it is necessary to determine the point at Which each 
copy diverges from its companion copies. As noted above, 
in one embodiment, this is achieved for the audio stream 
case by comparing the selected Bark bands of each copy 
against the median of the selected Bark bands of all the 
copies. Moving backWards in time, if one copy suf?ciently 
diverges from the median for a suf?ciently long interval, 
then it is decided that this instance of the object began there. 
It is then excluded from the calculation of the median, at 
Which point a search for the next copy to diverge is per 
formed by continuing to move backWard in time Within the 
object copies. In this manner, eventually a point is reached 
Where only tWo copies remain. Similarly, moving forWard in 
time, the points Where each of the copies diverges from the 
median are determined in order to arrive at a point Where 
only tWo copies remain. 

One simple approach to determining the endpoints of an 
instance of the object is to then simply select among the 
instances the one for Which the right endpoint and left 
endpoint are greatest. This can serve as a representative copy 
of the object. It is necessary to be careful hoWever that one 
does not include a station jingle Which occurs before tWo 
different instances of a song as being part of the object. 
Clearly, more sophisticated algorithms to extract a repre 
sentative copy from the N found copies can be employed, 
and the methods described above are for purposes of illus 
tration and explanation only. The best instance identi?ed can 
then be used as representative of all others. 

In a related embodiment once a match betWeen the target 
segment of the stream and another segment of the stream has 
been found, and the segmentation has been performed, the 
search is continued for other instances of the object in the 
remainder of the stream. In a tested embodiment it proves 
advantageous to replace the target segment of the stream 
With a segment that contains all of the segmented objects and 
is Zero elseWhere. This reduces the probability of spurious 
peaks When seeking matches in remainder portions of the 
stream. For example, if the segments at ti and t]- have been 
determined to match, one or other of the endpoints of the 
object might lie outside the segments centered at ti and t], 
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and those segments might contain data that is not part of the 
object. It improves the reliability of subsequent match 
decisions to compare against a segment that contains the 
entire object and nothing else. 

Note that comparison and alignment of media objects 
other than audio objects such as songs is performed in a very 
similar manner. Speci?cally, the media stream is either 
compared directly, unless too noisy, or a loW-dimensional or 
?ltered version of the media stream is compared directly. 
Those segments of the media stream that are found to match 
are then aligned for the purpose of endpoint determination as 
described above. 

In further embodiments, various computational ef?ciency 
issues are addressed. In particular, in the case of an audio 
stream, the techniques described above in Sections 3.1.1, 
3.1.2, and 3.1.4 all use frequency selective representations 
of the audio, such as Bark spectra. While it is possible to 
recalculate this every time, it is more efficient to calculate 
the frequency representations When the stream is ?rst 
processed, as described in Section 3.1.1, and to then store a 
companion stream of the selected Bark bands, either in the 
object database or elseWhere, to be used later. Since the Bark 
bands are typically sampled at a far loWer rate than the 
original audio rate, this typically represents a very small 
amount of storage for a large improvement in ef?ciency. 
Similar processing is done in the case of video or image-type 
media objects embedded in an audio/video-type media 
stream, such as a television broadcast. 

Further, as noted above, in one embodiment, the speed of 
media object identi?cation in a media stream is dramatically 
increased by restricting searches of previously identi?ed 
portions of the media stream. For example if a segment of 
the stream centered at tj has, from an earlier part of the 
search, already been determined to contain one or more 
objects, then it may be excluded from subsequent examina 
tion. For Example, if the search is over segments having a 
length tWice the average sought object length, and tWo 
objects have already been located in the segment at t], then 
clearly there is no possibility of another object also being 
located there, and this segment can be excluded from the 
search. 

In another embodiment, the speed of media object iden 
ti?cation in a media stream is increased by ?rst querying a 
database of previously identi?ed media objects prior to 
searching the media stream. Further, in a related 
embodiment, the media stream is analyZed in segments 
corresponding to a period of time sufficient to alloW for one 
or more repeat instances of media objects, folloWed a 
database query then a search of the media stream, if neces 
sary. The operation of each of these alternate embodiments 
is discussed in greater detail in the folloWing sections. 

Further, in a related embodiment, the media stream is 
analyZed by ?rst analyZing a portion of the stream large 
enough to contain repetition of at least the most common 
repeating objects in the stream. Adatabase of the objects that 
repeat on this ?rst portion of the stream is maintained. The 
remainder portion of the stream is then analyZed, by ?rst 
determining if segments match any object in the database, 
and then subsequently checking against the rest of the 
stream. 

3.2 System Operation: 
As noted above, the program modules described in Sec 

tion 2.0 With reference to FIG. 2, and in vieW of the more 
detailed description provided in Section 3.1, are employed 
for automatically identifying and segmenting repeating 
objects in a media stream. This process is depicted in the 
How diagrams of FIG. 3A, FIG. 3B, FIG. 3C, FIG. 4, and 












